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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface light 
emitting laser element which has a low threshold 
current, high slope efficiency, and low element 
resistance, also has faster transmission characteristics, 
and can obtain higher output as a surface light emitting 
laser element which uses no p-DBR. 
SOLUTION: A plurality of semiconductor active layers 
are provided between a 1st mirror and a 2nd mirror, p- 
type or n-type conductive spacer layers are provided 
opposite to both sides of the respective semiconductor 
active layers, and a current injecting means is provided 
which injects a current into p-n junctions including the 
respective semiconductor active layers. Partial areas or 
the whole areas of the 1st mirror and 2nd mirror are n- 
type conductive or nonconductive areas. 
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(jg 4 (ommmm) 

mzwvm 4 conmBMi*. m 1 7is£3©^t*ftfr©iiffira!R©fl5f8ftu-ifjii ; ?»«:*$ 

^ T , iu 12 Jg l ©55-Stcl4BijfS^2© = v- ©v^-rnA^tcl4M7?^§i*^^MM5 

v - (dbr) T'$>K> . mwnfc&mms.^ - (dbr) ^t^x^-^it^ m m. * 

[ 0 0 6 6 ] 

I39«^4©^ss^«g©ffif87 1 6u-+p^^©sii ©s»ffij*^-rH-efe*. la 9 © ® ?g *e 
u--tfSt^T*«, / y K-/o^iitt*iftlS±i:, ±gp©fl^*^pM^«*DBR 

6 £ 0 x £S 9 © SB # ( ± i* ffl ) « | y>K-7 , C*l«tt*lftDBR!l)'64SSlC5 50 
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^ - (jg 1 HftD B R) tfSttP.nt^S. f LT> ^ © ± , pi©^ 1 £DX^-+t 
[ 0 0 6 7 ] 
[ 0 0 6 8 ] 

XfSSmilE, Sl0 2 /Zr0 2 fr645Rt*DBR («2H#DBR ( 5 "7 - 

) ) tfMintl^. CCtt, «3©^^--9-»0*ffi©^JBffllC« If ftDBR* 10 

[ 0 0 6 9 ] 

fit, i9©Il)tl/-fi?T-tt, T7^±T, n «4>Rfl«&^ n M © Jg 2 X ^ - +>" 
Ii:gi*ft5i5tSl^n, S , pi?)l3©7^--!tISffi©^2HftDBR 

I©Sllffi^pS¥f»DBRct'OEI£Slt&nT^5. f LT« fttfi;&ttS§2<?>5 

[ 0 0 7 0 ] 

0 9©I%)tU— tfi?T?tt, p flSSI l p UBS! 2 *1S*IEffiJ: nfflfl^K«^^r 

ft«fcLT*M*»L, U-1f£6Ji2-&<5Ci:tf-e#S. 20 
[ 0 0 7 1 ] 

iai o izm 4 (Dnffi&Mvm^ytu-^m^tDWi 2 <Dmfom*^?mT*3o & 0 mi o © ® 

^Kls-ifm^T'lt. n^co#«ft*S±lC, n§y<DHlQ¥*&DBR ( ~ v - ) „ n 

2 <D*mi*mttm, nSiittos3o*i»x^-^i^iiLT, mmm&tf&f&z 

[ 0 0 7 2 ] 

7^*»0 2 90ft«*fi«»)St5J:3lcillI«nT^5. 
[ 0 0 7 3 ] 30 
f LT« 0 1 0 V>W¥£K \s-*fm=5-1? It, nIOl3CX^-tlOilT\ U-+f?fc<D 
ytm<D3Z%.-? 2>ffii£±fc, S l'O, /MgOfr5ft5M#DBR (l2|fftDBR ( 

B R.^ig^i^iaEtS. 

[ 0 0 7 4 ] 

fit, @ 1 0©i^)tl/-fif T'tt^ X V X ± T* > pfflJi£IH*«#p§!i©^2X''? — 
•7-®i:^^$n^ck7ti:^l7e.n. $ fc , nIC^3<DX^-^ISIOit»DBR ( 

tf«is«nT^ftv^ja«ic, n M<om 2 <dw.® ft m& e> nt v s . s £ t 

. n«OilIitfnI¥»#IfiOlIlCStf5h'r^5 4 ?LT> ft ffi * tt , fg 2 CD 
5 7-«frf.®0HiJh5J;7 tSoT^S. 40 
[ 0 0 7 5 ] 

0 i o (DM¥£ftu-ifm?T*it, nMm i nmt nm%i2m®*m.MtL. P m*mm® 

[ 0 0 7 6 ] 

z <Dm 4 (Dnmmm<Dm5%ftu-*?m*T*te, *m&D b r idt^xmm^D b r » #i £ 

[ 0 0 7 7 ] 

£ **{|:I«fr5iJ:a!Oi2(!)5 7-$T***ftxi;ir*i/t;HT*ffSt5i^ 
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D B R*ft»t8Sff, $f LrcIIt'I?tfi5n5o 
[ 0 0 7 8 ] 
(Sg 5 ©DlMIS) 

*fS«i©SS5©llttjeiB«^ »i7SMSB4©i,*rftfr©*ft»*©ffii»3teU--1f*?e*s 

^ t , « » © ¥ » f* sit « © fu » £ - * « s # ra - t » s c £ * ^ a t l t ^ s . 

[ 0 0 7 9 ] 

01 i am 5 onsfij^ss-ODsa^u-if i?©«#i*fstit^5. hi i«Bfi)ti/ 

-flft-a, MOCVDStJ:!), nl*|#ifi (nlGaAsll) it> n - A 
lo.98Gao.02As/n-Alo.5Gao.5As IfilDBRCfgl©^^ 10 

/>H-^(A1 0 . 7 Ga 0 . 3)0. sln 0 . s P % 1 * * — "9" M . Gal 
n P / A 1 0 . 2 5 Ga 0 . 25 In 0 . 5 P 3iifttFSlgttl, p - ( A 1 0 
. 7 Ga 0 . 3)0. 5 I " 0 . 5 P ^2^^-^I, G a I n P / A 1 0 . 25 Ga 
0. 25 I n o . 5 P 3li?#p»2gttl, y^F-T* (A1. 0 . 7 Ga 0 . 3) 
0. 5 In o. 5 P^3X^ — n — A 1 0 . 9 8 G a 0 . 0 2 A s / n — Al 0 . 

s Ga 0 . 5 As n Sil 2 D B R (Jg 2 © = -) ^ilLT, »Ji«iBtfJ&j£2ft-Cl^ 

3 o 

[ 0 0 8 0 ] 

HCf, &i£14Jl©{SBt±, K5££$E©Bi ©SB^BBBf 3 C S , 

^SttiC^i/l/it/^jri©! SJiiili, If OffiffliSS ( #>J * fcf 5 0 °C ) £ is ^ 20 

[ 0 0 8 1 ] 

f LT> 01 l©B558>lfiU-1fJlS?-ett. # IC , lyf ^^Ki!), C © » Jf #i 3g « > 2 

six^-^i*!^!), iss©7 L ^x«sg2©x^-+i-Ji<pu:i2B£n& 0 s , -r 

^ X © * Ji ® « . g2 D B ROSlt$5o 
[ 0 0 8 2 ] 

" ? LT, 0 1 l©®fgftb-+Ffg?T*«. IfSKi^ S2X^-tI©f7X±t p 
fiaAuZn/Au*fHS««3^7Bja*n» S fc , a52DBR*li0^mi*PfflW^.©lB«k: 

nlAuG e/AuS2litff^^nT^5 0 * , n - G a A s IglBtli, n| 30 

AuGe/AuIllltflliiiCi^^jnTV^o f Lt> tfj * tt , 

[ 0 0 8 3 ] 

^ IT, 01 1 ©Sfgft U-lfSR^T « x pffil«ffi*iEffikb, 20©n«tS*ftSt 
L T « ftt j?it L . L/-1f^Jg«-e-S<lfctf-r#5. 
[ 0 0 8 4 ] 

[ 0 0 8 5 ] 

(If! 6 vmMBM) 40 
*»9!©S6©ISB6J&1B«:* SI 1 7bM^4©^-rn^©HS!i7^SI©®^I^U-1f^ft*5 

v^t. «»©¥##sttji©fu #s*scfc*«rafcLT^5. 

[ 0 0 8 6 ] 

— 05 , b - +f St ? ti , fi££«fc #©£—*»«#-> 7 h-TSo Sfg^U-+f*f© 

#igssicj:»)fEffi2£s#&£*ns©-e, fg?©teffligs 

i: # & 5 . 
[ 0 0 8 7 ] 

* is «§ a , zl <d & o izmm*ffi-'rkt z> tztb , m^<o®.mu%.(omm-z* , @ s £ n fc « is 
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[ 0 0 8 8 ] 

0 1 2 l±Sg6 ©HI)gi©I^^U-Hfif Olfti*^t@T?S5o 0 1 2<Dffi#g7tU 
-if JR^Ttt, MBESEi!), nI¥«ftSfi (niGaAsli) ±K, n — A 1 A 
s / n — A 1 o . 3 G a 0 . 7 As ^ 1 D B R ($1©$7-) > n-Al 0 . 3 Ga 
o. 7 As S 1 X^-^I, A 1 o . 0 9 G a 0 . 9 i A s / A 1 0 . 3 G a 0 . 7 A 
s 3li?ffFl 1 jgttl, p-Al 0 . 3 Ga 0 . 7 As S2X^-t|, A 1 0 

. , G a o . 9 A s / A 1 0 . 3 Ga 0 . 7 As 3 lif WFS 2 jS6i, n - A 1 0 
. 3 Ga 0 . 7 As m 3 X^. — tl, Al 0 . , , Ga 0 . 8 9 A s / A 1 0 . 3 Ga 
o. 7 As 3ll?ftFS3gttI, p-Al 0 . 3 Ga 0 . 7 As a4X^-tI 10 

[ 0 0 8 9 ] 

, ©eric** £ tf ^ i ;m m y t^©jp? it, m^co^m^m^m cm*, a* o 

t~70t) tfe^T> ^ m *» O fStt » + » 4 fU # * fc ^ J: 3 »c w »? n s o * , 

[ 0 0 9 0 ] 

^Lt, Hi 20jB«^l^--if* : fT?ti. xyf y^tiO, C © » Jg « ig li , 3 g © x 
. llSBOf7Xa^2X^-tl^T'2&0, 2|g@CD7 L 97>«^3X^-ifS*tC^^ 20 
[ 0 0 9 1 ] 

?LT> I11120ffi^l^l^--f^ : ?-rj«. n-G a A s II 4 X^-+)"iISOtf 

tf ^-AliiSf S i 0 2 / Z r 0 2 06'<7i!)^4§^2lHtD B R (^2©$7 

-) # is s n t f s o 

[ 0 0 9 2 ] 

^LT, 0 1 2©ffifgftU--9 e * : ?-?tt. Iti£C±»), ^2X^-tI(9f7Xlt$ 
4 7^-1tlSffiiDS2ilftD B Rtft»?.nT^%^g|5^tt, ^n^n. pfljjAu 
Zn/AuIl>li|iitpfflAuZn/AuS2tgii'|SJn i $fc, ^37^- 
"9"Jl©T-5X±fc:tt* n«AuGe/Au|2t'Btgjti^S^nT^5. $fc, n 35! G 30 
a A sii^IIlCtt, nlAuG e/AuSlII^IfaCiDf^SnT^S. 

[ 0 0 9 3 ] 

01 2(DM^l7 , d^--lfK?TJ-t±. 20<Dp«tI*jEifcU 20C9nIli^ftitL 
T«8K*»TL, U — If C tfrttio 

[ 0 0 9 4 ] 

fflj&s«BH^/s^s%^u-ifs^^#e,ns 0 

[ 0 0 9 5 ] 40 

443, #1 2 0 0 0-2 9 9 4 9 3 « » -Sffli^-Of^^ fgftX'^Ml'tfDlf— * 

+ t'j7aAtt^-t4!), & * # iri ± -r 5 . 

[ 0 0 9 6 ] 

(!g 7 OUSfirB^) 
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* * * JS « «■ P»ttT ^ £ £ ITI> 5 o 
[ 0 0 9 7 ] 

loo?g14«^feo^^£DB^I^^-1fli, L * V « « an * * < -r S fc A ?S IS ■ ift « T 

atfes. M**i«tffir«»SkbTtt, a i a s m*wnti,T&wt&<D a i x 

0 y mttB&ir Z^m, fu h y^yT"? > -r - 5/ a > J £g!fg'i'*W:v:7 p 5-r-->3 > 

9«MK*fciiAb*6*1B#*flsBT3#a42#fcS. 10 
[ 0 0 9 8 ] 

[ 0 0 9 9 ] 

$ fc, AlAsg|<Dxy^>^S:i!»C«J:t)*»E«»JW^©*«*l»*-rS*St4. i«» 
[0 1 0 0] 

[0101] 

— 7? . Al (Ga) Asli, G a A s t ©«7 l^tttf I< , G a A s ISOiCl!? t 
llf^ + i/^HSfiJ^Satfft, G a A sSSt)SSJ^5U-fi^I*©ffl 
. OfilCffAI-SCttft'tS. £ <D A 1 (Ga) A s I^Sff XaTklt *f T'l^M 
CcOH^tJiffctSilttfT-f 5. «feitft©ifilfffi©«il!l»1t^«J:V^taiai!a««, Al 
x Ga, _ x Asg (0. 8 ^ x ^ 1 ) T' £ S 0 
[0102] 

* fc , BHfc £ tit £ b fc A 1 x 0 y iD JS iff ^ tt , G a A s f i^SSJia©*!?*!© 
HSt*.* »> '.hS^fcft. IS3Sft * H b & A S * * < . J* — *- K <D V-*T Xtfm* 30 

[0103] 

Ell 3liSB7©|lttrai8©MfSftU — tfJR?©£l©J*(*IW*3STH"!*fc5o 0 1 3 <DM 

j» # D B R 5> t) „ K-:/©#**te¥JittD B Rj!p645jB 1 © S 

5 - (SlfiftDBR) tffitJ6nT^«, f LT, * O ± t . A 1 As^HKift 
Us pfOSlOX^-ti^ JSlOgtti, n 2 <D X ^ - +>- g , S2©gttl, 

l^tA 1 G a As^ZljRiiftl^ttfpI^ISOX^-^I^ilLt^ 

[0 1 0 4] 

Sfc, 01 3 <DW¥ZXU-ifm?T°lS. H 2 03R*K«fc»)±SEA 1 A s S 1 IJRMIbl t 
A 1 G a A sS2liRlfti*SlS<tLTt«tRfli§tf)giJnn^o 
[0105] 

Sfc, 0 1 3 ©ffifgft b-*f|g?T-te % £ 3 OX^-tiCllT, U — If ft © ft © £ 
S i0 2 /Y 2 0 3 ^SftSBfftDBR (^2it<*D B R ( Sg 2 <D 

[0106] 

fLT, 0 1 3©®fSftb-+ffil?T*«. ^ X ± T' , n I^^il^ n iO^ 2 7^- 50 
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31 2 ©5 7-) L T V^i^K p {IJOl 2 ©«1£#t£tt 5 nT ^ & , p 

IOI lli^pl¥llftD B R^OlffitSltStlT^S. ^LT, ftffiTJti, IS 2 © 

[0107] 

0 13<D®f£ftlx-+i-*|g?T'H:, pfflJ©SSlWSfcpflll5B2««*iEtti:L* nltlf 
[0108] 

Sfc* HI 4ttS7 0^Ifi©ffii«L'-fif O^ZiDlftM^ititfeSo 01 
40®fg7tV--tr^?-eti, nl©¥iftlfi±t, nl^^lOflftDBR ( SB 1 O 10 
5 V - ) , nSO^l 0*9#X^-^I, SlOll^Sttl, gtUC|gli:Sg2£DA 

1 GaAsIffiifti^tOpS^IZ^X^-Ui^ ^2©^SttiSttI, n S £> Sg 3 
CD¥»#X^-+>-g> nS0^20^##DBR ^IILT, « g ft 5g 

[0109] 

£nP><D«JHffi£ti. nIS 1 ¥i*D B R^tlffl^ p M % 2 © 7. ^ - * g f 

©11 tS2©A 1 G a A sSftlMbJI©ra©{£^fc:7-^X*#02a©att«iS*jejS 
t§ J:3CiDl?nT^5, ?LT> H 2 OS(IStK:«J:t)±8SSl. Ki2©AlGaAsll 

[0110] 20 

* L T . 0 1 4 © B5 f8-:)fc U - "9* IR ? tt x ^ 5 X ± T* , p«*nfl*«tfp!!©3B2X'*- 

u-sfcSfttsns.tsicHW'&tu $ & , nS£Di2o^#^DBR±tc^tii^aj^iap 

LTnlC^2fIA^tt^nT^5, £ £ n Id 1 li^ n 1¥9A1I©1I 
£° 

[01 1 1 ] 

0 1 4«I^)tU-fIffli, nfl|$ltii:nflS2tg$gii:L, p{Pi|cfF^«® 
[0112] 

c<Dm70*iSJBJgOi5f67tU-lfjR?T?tt, MSE^ftJSfcKW-SCfclcktK ft St 30 
«*«/Mb Lt^HiS^'J^(Tt, £oT, <h 2 l>> « 7J "? V - If % « 

Rj |g IC & 3 . 
[01 13] 

«f k , ai (Ga) a sM9im<km*m^%M-£it. mmmm*(D&mtD&m.(D®ffiic. 
-n to t TK^Tb-iRjicsflfflittm < w%im*$mmitmf$.-? z> c t ttv * 5 0 «toT, iii 

* * m f§ ft u-if«?^ii«T-#^ 0 

[0114] 40 

(i 8 (Dmmmm) 

^ T , KSfSftt'--tfJR?«:» ffitKc G a I nNA s^MSi^45I5^C?I?ffp 
[0115] 

Ga InNAs^#^{i % N t A s £ ^ t? I I I - Vifigi|i»#T?I)StnT* 5 , A 
ft ffrfc: li , GaAsN, GalnNAs, GaAsNSb, GalnNAsSb, Gal 
nNAsP4UTl)Sin5. iin&<OG a I n N A s Itfll 54 5 1 O t fclilS© 
£ ^ 1 OnmJ^T^^x^Ht. LnSOx^i^^x^iMSinAyK^ty 
/tf^t^G a A s, GalnP, A 1 G a A s Sf^c,55^|{*A'J 7lt'lA,f;i 50 
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[01 16] 

att*PfCfcDJ&3IlCMa&£n7£Lfc«SS?& ( M * l£ , 1. 1 ^mttlOftfiS) © G a I 
nN A s^ff^^gttltffl^fcl/-f (i, HMStf 5^1^77- <OS 

© BE £ 14 a ^ o 
[0117] 

3 0 £ © fc 26 , I nPli±Ci^t5Ga I nAs P*S14Jlk-r&fi£*©fij£S?fU 
[0118] 

G a A sg«±tCffJ$-e#&e}jT^M©*:#^A 1 (G a) A s/G a A s, «fe ») j£ « 
(i A 1 » G a ( , - x , As/Al y Ga (1 _ y) As (0^y<x^l)£:,¥^# 

[0119] 

t©±5£G a I n N A s Iffi^)tl/-f (iSnfcitt^ ^Ifi/Xf A^, 

[0 1 2 0] 

[0121] 

tftt)^^ gttitfGa I nNAsSttfl*>64«l*$(J01f. C n6 ©iSttlRtf A 
1 (Ga) A s / G a A s D B R % G a A s IS±t fiff C Jli ^ + + ;I/jS4*^5 

cfctf?*, £ ^ t . i » ^ is i p°p i ^ & 4 5 1 ^ 5 1 « s n 8 <D t\ *sv^iiii?t<D®jg 

[0 1 2 2] 

am 9 o^fis^M) 

Lfcpflfl#ii««#sw-5n, ^-iStts^^cypng-g-^ndi^^fttcfi^^aA-r^n 

SI*, ftifn, K»*8IE«f&lHlKli:«S!* tiT^S C k *W« «Bi*3fc U-lf t s; 
[0 1 2 3] 

0 1 5£&, gttIi'2O0i^©iJKiA^^nT^5„ 
[0 1 2 4] 

H (Dm 9 O^SSJKST*«, 0 1 5O08^6to3^5«t?lCx pfflJWttfcttiSKL, n{PJ|«S 
[0125] 

cm i o<Dmmmm) 

*¥zw<om i o onm&mit. m 9 (ommmmomnytu--^^^ zl — ^iz^^x , 

14Ji*#typn»^t*ttS, S-pffllV&kpfltlftftttflE&OllfjOBflK *3 <k tf , « n ffl 
*fiSknffla«a*ai:©liBOE»Oi>a:<fcfelo, * fc {± , £ SB tc * ^isttitaxt 
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CO 1 2 6] 
[0127] 

CO 1 2 8] 
C 0 1 2 9 ] 

tfiiK b 1 1 %> o a . b « 2 oo&iitts u:j$«e* n, iin^oitiiiti 

mmm.ffi.&&m&\z&mi£ nt . mMs& a tastsss b t a, ^n^n 

x W St SI S5 3^ IS t LT> gMAtg$iBtA^A?nt^5. 
CO 1 3 0] 

S£iAfcfiSiB*a£*Tf#&ns*»fA/*iffiBfc,k*ttm*©£fl:«, 0 1 7tit± 
■5 K & o 
C 0 1 3 1 ] 

»A/*«Bt45J:5 SJrLAi:SSiB?rSti^-rSo ^SStlSliT, <9 U - ->f # 14 20 
* t a<ft5 4 5k:t,»tl-Tf*5 0 
CO 1 3 2] 

n<Dm i o (ommmmr'it, &ft&mic&x-? zwffi.m*m&-? zrctbowmmw^mtf 

CO 1 3 3] 

cm i i (DMffii&m) 

*¥£m<om i 1 © n as » a * si7iMS8©^-rn^©nfifijgiiBos^^u — ifjR^ic 

t«iBI8)IEl/-1f€';a-;H?6S. 30 
CO 1 3 4] 

0 1 8 tt , gttItfZOOl#Oi)«|«i«S*nT^5. 
C 0 1 3 5 ] 

CO 1 3 6] 

0!*.14\ 2ooiStti^toI%«l/-flf tfe^t, l -ocofis&mio** T XWffi* 

£S£>-Z?, 4 0^atS»T'f 5o 40 
C 0 1 3 7 ] 

mi l ©^»je»T?tt, # gtt Ji tcgij 4r_©B» HI K*»«!bT^S 

CO 1 3 8] 

cm i 2 <nmm&M) 

C 0 1 3 9 ] 50 
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CO 1 4 0] 

m w & m?»j &m m r \s << % m + «t o & m ^ * t u << %u * mm t- # s « 

[0141] 

ess i 3 commmm) 

? . £ fc ti , HI 9 71 M HI l l n^Of If lOBii*U-f t->*a-;V, Sfcli 10 

[0 1 4 2] 

HI 9, la2 0^i*^H^£DM^^^-•^f^?^^^g^:LTfflV^rc7 1 dGjMv'XxA^D«fi5c^J 
t ^ 1 1 T* £ 5 o 
[0 1 4 3] 

[0 1 4 4] 

H 2 0 <Dft£3M^X-r ^ ft S MX a£ O ftfc M -> X x A T 3t> K> , 20 

a, ^ssn, i*o3t7 7>f^«f KiAsnessn, eiMsnfc^d^a. eat ft© 

[0 1 4 5] 

com i 3 (o m m m m t* it . ^M^iioiig^*fie^offifi^u-if«?$fct±®f§^u- 

C 0 1 4 6 ] 30 
CHSS0J] 

CO 1 4 7] 

(^flSflU 1 ) 

02 ltt||ffi0Jl©IBflftl'-1fJR ; ?*3S-rBlT?a&So 12 lOBBfgttU-lfJlE^tt, M 
B E ft t i (3 , nSGaAs (10 0) li±t , n — Al GaAs/n — GaAs<£>2 
8^7';fr£.;S:£n-A 1 GaAs/n-GaAsSl D B R , n-GaAsHlX-^ — It 
!B . Ga I nAs/GaAs 3fi«?#pfi§l?£14Jl, i^CSl, SI 2 A 1 (Ga) 
AsIJ}|[fti^tfcp-GaAsS2X^- +>" ® , Ga I nAs/GaAs 311? 
#FfI2?g14Jf. n-G a A sS3X^- +M, GalnAs/GaAs 3 IlfttF 40 
Sg 3 « 14 Jl , I*CA 1 GaAsS3lKSftl^ttfp-GaAsS4X^-itl, R 
H f£ <l> 2 D B R^liLt> U-if*JS§i ^JgjS-TSo 
CO 1 4 8] 

£ C & S 14 « f± , ( MS 1 D B R ) £ Ig 2 5 ^ - 2 D B R ) i:©P^^tt 

a©«M#§i:LT*50. (D W: , L = N (A / (2n s ) ) t%ot^5. d 

o 

CO 1 4 9] 

CO 1 5 0] 50 



JP 2004-103754 A 2004.4.2 



fit, 7*MJVIiT'7* H/->'XhV7^^-y^p-GaA s|4X^-ti 
±lzj&f&L. C 1 z *X%fflV^5 K^-l'iyf >y%ff5lS%3@«»)ilb, £ mc J: 
0. ±E^--«f««IR ( St E «§ it ) « , 3SOf 57*feoi|i3|ftft«iit«ifiSn5 

0 COf77iDigf(iMgn-A 1 Ga As/n-Ga AsSlDBRifiT'S!), 1©@ 
Of7X(ip-GaAs$2X^-*iO$l A 1 (Ga) A s URSfcl t t S 2 A 1 

(Ga) A s IKiftlOFItffilt?. i 5 L, 2 ggOf7Xtt n - G a A s ^ 3 X 
^-■9-H^^fig-r5«fc9ti:-r?>o *fc> x^X©*±S«> p-GaAs^4X-^ — +J" 

1 S I T' $ 5 o 
[0151] 

* , H 2 Ol^tJ:t) 4 0 0 o Ct\ Ifill, 12, I3A 1 (Ga) A s 31 & <fc Jf 10 
[0 1 5 2] 

p-G a A s!ll47'<-tlOf7XSiO(f'*»ttJ1.0KfillI*7* h U V X 

h fees , m^tr-AH^jiT-s i o 2 / zro 2 <o 6 s<t z&zmnfogz 2 

DBR (S2057-) «j£-f £ <, tiD7^ M/yxH%iSLfcf, *fttt # U -< 

2 KliS**8*L. #T77JhO#H5Klt8fl:«IISLft1l 4 +i7U'H5F 

[0 1 5 3] 

i^T, 7 * h Pv'X hT-^gg|5^^r — iM(Cl7li%iOIL4 p-G a A s 

M2X^ — ■9-«<D#y>T5 KlPgP±fc p-G a A s |g 4 X^-+J-S©#D-f5. FHQW 20 
itp«Au Z n/A u » 1 * H It M £ plA u Z n / A 2li«®lSU, n - G a 
A si37^-flO#'J^5 KHP»lCnlAuG e / A u I 2 ^ Flti^Itat 
i »m , nlGaAsIffilStnlAuGe/AuSlIl^liiit 

iO^gSc-T^o ft ft 77 l± , !20$7-l!!)^9{?)tbJn5<i:7K4oT^5. 
[0154] 

S: fc , ^JlWlTtt, B2 1©ffi«ftU — Iflft^OKittllalKKfc^T. n|J^ltl%2 
» p«S£l*ffl*«i:pffl5e2*H*ffi*#aiE«fcft«E-rSo ^LT, £• ii « <S IE 

[0155] 30 

c o i 7 t , c © H a tW l -e »4 , ffifSftU — ifiR^Es 3^<D?gteJi*ia:W-* ilftDB 
R * ffl f . Al (Ga) Asjl^lftftJl3b^6**<ail*^W*«tt> «?5it*lSS©ig}n£:P! 

[0 1 5 6] 

( m n m 2 ) 

m 2 2 izmmm 2 <Dm¥£Kiy-*fm?*7rsirmT°&2> 0 02 2©ffii^i/-fi?(i, m 

OC VDSlCiD, n I« G a A s (100) Hit, n — A 1 GaAs/n — GaAs 
© 2 8-^7fr5>&£n-A 1 GaAs/n-GaAs^l DBR, />K-^GaAsS 
U^- -9- H , GalnNAs/GaAs 3 iif #P ^ 1 iSttl , 1 * C A 1 (Ga 40 
) A s g§ 1 , l2l^S(tI?:ttfp-G a A s^2X^-ti, GalnNAs/Ga 
As 3li?«P^2Sttl, / yF-7GaAsl3X^-^|, n — A 1 G a A s 
/n-GaAs©23^7i^45n-A 1 GaAs/n-GaAs^2DBR^«SL 

t, u-vmi&m ammmm) zmfc-rzo 

[0 1 5 7] 

CCT*, SI 57- (S1DBR) Iff 2 5 7 - (S2DBR) tcDP^^tt 

i!©«JS§§£LT*59, £ tt 5 (L) tt , L = N (A / (2n s ) ) i:4?n>S. C 

[0158] 50 
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[0159] 

fit, 7*hUyi8T7*HUfXh7X^/^ - >" % n - A 1 GaAs/n-Ga 
Asl2DBRJhtCffSL, C 1 2 # 7, & It V 5 <{ * y * 1/ P ? JIM* 2 & & 

liigtcjgj&^n^o cicox^xojesiJaMiay^H-yG a a sfi i x^ — ita*Ta&D 

„ lg|Of7Xtip-GaAs^20X^-fl^OA 1 ( G a ) A s HI 1 , Jf§ 2 Sfl? 
llfbJiOIWEffl«"rSJ:5K:rS. i: tc . T- V X <D Jl ± ffi 14 , n-AlGaAs/n-G 
a A s^2DBRS®T'fe§o 

[0160] 10 

& , H 2 Ol«fc±») 4 0 OXIf, ± 12 A 1 (Ga) A s 33 1 , f£ 2 M&mitm 

[0161] 

* fc . DtttsR'J'f 5 Fidlft^HliL, 7"vX±i:n-AlGaAs/n-GaAsSg 
[0162] 

i^T, 7t M/->*XhT^IgP»^-««CI^II?:i0Ib4^^, SI » S t «k 0 
, p-G a A sll2X^-^I(Df7X±iD^'J-r5 KHPSiCplA u Z n/Au^l 
mW*Bf£L , n-AlGaAs/n-GaAsff!2DB R ^ B5 <D ft m tt P {fl JW ft © « « 
tnlA u G e/A uS2tl^ifi!ct5o S & * n-G a A sIlSItnlA u G 20 

e / a u m i nmttmm&iz & & a K&tii&m 2 vs.? -m& * 

r> t 4 o T ^ § o 
[0 1 6 3] 

£ fc , H S£ 0!] 2 T* 14 , 02 2OSfg^U--f*^CD|g»|Ml{^^feV>T. nig 1 11* 1 

5 q omtrittfr h#mn.m t mm l, sfc, nii2%g*^iftgjigit% 0 fit 

» pffl!lfW*Sk«ilftffi*K»*i!K««&lHllStSiai/T, U-f iS^ t5 t fcib^t 
'[0164] 

C CD «t 3 t » <:©i«Caj2 fti, ffiSftU — iflR^fc:* Ga I nNAsI«8i^452 
o©?gtt»*»W. Al (Ga) As»«?Kfi:«jSp&fcS«8ftR^g|S*HW-, « J?it g S§ © 30 

14 co «t ^ b is ft u - +r m &m <e> n & 0 

[0165] 
(*I«3) 

0 2 3 a*lM3 Offi%3tl/-f if^^tit'SS,, |2 3©Ii)tb-iflfli 1 M 
OCVDStJ:^ n^GaAs (10 0) if IK, n — A 1 GaAs/n — GaAs 
©28^Z^?>^:Sn-A 1 GaAs/n — GaAsUl D B R s n-GaAs^lX-^ 
— it € , GalnNAs/GaAs 3ll?ftpg 1 gttl, I ^ C A 1 (Ga) As 
ll, l2l«HtI?;ttJ p-G a A s^2X-S-^I, Ga I nNAs/GaAs 40 
3llf#p^2gtti > n-GaAs^3X^-+>-g. R«#S Z D B R*«iLT, 

u-if«fiKHt (»a«3S) >&jg^-r?»o 

[0166] 

Cut', # S 14 « 14 , SB155- (JS1DBR) tS257- (I 2 D B R ) 
mcDpkm%x £ LT *5 0 , 3* }g §§ S (D L=N (A / (2n s ) ) tSoTl^o d 

[0167] 

[0168] 

f LT, 7* h'J VIIT7* FLi/"7 hYXi'/^-y^n-G a A 37^-^1 50 
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±£Jgj£L. C 1 2 iS X * m ^ fc K 5 -Y y f- 1/ >? m * fr 3 X S 2 0 IS t) il L > C n £ 
if), ±iaU-^«fiStM (*§««§£) (±> 2 ISOf7 X* o¥3»#£l*«3£tC JgJ&£ n 
£ o COf 7XOiaiiiIlBn-A 1 GaAs/n-GaAs^lDBRtffe!), 1@ 
I«T7Xlip-GaAs$27^-fitS)Al (Ga) As^l, !2lRiftI© 
Wfcffiit5i5Kt 5. 3: fc , f7XOi±Sti, n-GaAs^3X. 

& •?> o 

CO 1 6 9] 

3fc IC , H 2 OlttiO 4 0 OtT, ± 12 A 1 (Ga) A s 31 1 . m 2 M3RMitm *m<t 

CO 1 7 0] 10 

& , n-G aA s & 3 X — V M mm <D Hp &Lfl- <DUnmW * 7 * b Is i? X HITS 
ofc^. If e-AIIiit'S i 0 2 / Z r0 2 06^7*^S5l2llftDBR^i 

«)ttt*'J Y5 KI9K#*a*L, *f 57±0#'J Y5 Kieift^ttlUfi Lftft, * a. 

C 0 1 7 1 ] 

, p-G a A 5 82X^-^110*^5 K M □ SB ± £ p flPH A u Z n/A u*F^«@«r^ 
fiScL, n-G a A s g 3 X^-t IlffiO^ 2 Ktft D B R A<R^ 6 nt^4^# U Y 5 
KlPSlCnlAu G e/A ul2li^iif5„ itt, nlGaAslililC 20 
nlAuG e/AuSlSI^IiSCtD^^tS. «m*tt«2©5-5-W^63?t) 

CO 1 7 2] 

2: ft , ^ * 00 3 T? tt , H2 30iS5E^U — IfHS^OBiftiaKfciS^T. nfljgltf^l 

^> o 

CO 1 7 3] 

C CD £ 3 £ , <1 (DMMM 3 T~ It, Muftis— If US ? % Ga I n N A s 2 
OOigfi-JifcRtt, «§*#DBR*»tt* Al (Ga) As3!9?ttfb»^6S:S*«lSlE^I 30 

*ai«»OSSi*il»LM5UK»LT^*<D-p, ffi ^ L * ^ fit « gSt * fe % , K 
• I»*7Jtf^*<, iDtHj^f, it » £ m Rl ftg 4 „ SSLfclifffll 

C 0 1 7 4 ] 

c fg m co n m ] 

ttltRiBl/ftiH. l TllW^JS l l IE ic O fg HJ3 £ <fc n fcf . Ji? l <£> 5 v - i: fg 

£ # ty P n»^fc*n^ft*8!t*&A^S««[aA#a#«tt&ftT*59, tu f 2 IS l OS 

ttototfiot^sof, ia«*^'>%<, afv^m*3^»6n. AEiafcaeHtfRjfli 

CO 1 7 5] 

Wfc, li 3<JS 2 f e «c O 56 0^ T* tt, 8f l f2«cC9ffifgft U-if £43^T, itui2SfI 1 <D 
57-it, SlOX^-*!. Iff 1 Site, p8!#*te©*ra*-?-"9-JI, 8 

2 <D¥3*{*S14Jf> S20X^-*1, Ml2©57-£«»LfcJi«iStf«W-&*'U ^ n 
^ f n<DX^--9-«(c«8S*ftA-rs*8!EiiA#a* t Ktt6nTfe9^ W :R 31 1 Iff © ? 

C 0 1 7 6 ] 50 
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[0177] 

S fc , W £ 3l 4 f B fc © % BJ3 T* fct , »*3Bl71SBI*fll30^rn*» — 9IKE«OiB»3lfiU 
Wte^JIJlS^- (DBR) T'&tK 7 — (DBR) fcStS^^-^ 

t»*aAt5taaAfas , i»BnT*t), iiftDBR$;7-Htffl^ 

TV>*OT, ¥»#DBRfcJt^T£D^*^JB»T?»^K»*©55-#»&ftS 0 S 
[0 1 7 8] 

-*fm?ic$5^T , a»©^»*?sttB©5pj»tr-^iss36(«iBi — (tftt)*, 
iRi-©#fi«*fc#me-*&K#ra — ©sttJifcfcS'&tr©-?) . m^i^sxti^sfa 
o*^»fiou-if«tf»a*-efi5n5. -r it)^Hi7j^f ^nssiutu- 20 

[0179] 
[0180] 

S fc, si # 9! 7 §3 «c © HJ1 T- « , W:RJBl71SW:RJB6©t<'-rfta^-3IK:£*©ffi»ftU 
-IfJR^Icfci^T, 1 <057-> Ml2g2©$7-, tfflBX^--9-S©v^-rti7b^ 30 

$ ft it „ T © « C WaE3**P«3t*<iaW-5ftTfc!>x «8KR^«ifi%a8^SCi:K«J:0 
. f8tt{g«*tR/MfcT#3©T*, L*^«t»t<N«<Tt, <t o T „ 'hZ^MtlT'U- 
*f¥£MW0jmiC%:2> a J:DiSV»L#V»ttW8llT. «t D /Jn * ^ ffi ft « 73 T* IB Hj T? 

ts, «t »> i« a k as h rt fii * ffi » 3t u - -»f * ? * « « -r s c t? if 5 „ 

[0181] 

$ fc , If 9i 8 IB © IS W T' t± . 8»^5^l7bM8S*9i7<0 V-rn^ — JStcgB«©ffiJ8ttU 
- +F ffi f *5 V> T . iSffifSftb-^fg^fci:, S 14 If G a I nN A s3Stffi*54?ii6 
«tri^ttpii«tLTV^O-p ( & . S 14 « G a I n N A s St}8*545 
Mfc-S-ir©-?) . S 51 36 7 r-Y A h H-&14 © M ^ & 5 © , U & #14 # & 0 . (Kill ft 
* 7J T* M ft T £ 3 , iStB^ft, ffi3MMtfRT^fcffi§fcttU — *f*?*if#-rSili:#T# 40 
5 o 

[0182] 

Sfc, JSttitf G a I nN A sJStt8^5 4 5l*$tfOf, c tl5>©gtIStf A 1 ( 
G a) A s/G aA s DBR^G a A s Sfi±ES!f CI If? t;l/«fi?^5 C t 

[0 1 8 3] 

$ fc . »*s9Eio»«7ii, ft * 3a 1 7i s it m 3i 8 © ^ -r ft ^ - ic ib « © ffi 58 yt u 

-f if K^^T^ £?S14/I£#trp n&^©pffiiJ¥#tt&c«}ft£&A-fSp{PJl«M*m 
»«C&ilfcLfcpfl!l#»MtfKW-6ft, &igttft*^tTpn8-&©nffl!l¥t»#fc:*a«E 50 
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titftiKL, n fiimgS^^il b fc^-&, M *J @ IS * & f © T? ) , «?i#TfttfijStf' 
[0 1 8 4] 

Sfc, 1 OffittOfSW^ti. If 9 IH*c©®?§ft U-*f *r^a-/P£*5V>T, £■ 

SttJi*'&trpn»^t43ltS, ftpflllli: p««a*ifc<OBIOEa, <fc tf . §n 
flHil:nllKIIii:OB«)EliO'>4< fct lo, Sfctt, ^SPtc. 

[0 1 8 5] 
[0 1 8 6] 

*m&u-*?m?, sfctt, nt«9f 9 7isit^^ i i o^rn*» — 5iKi2*©ii»3fci^- 

■»f t 5> a - ;1/ £ 43 V T „ ffi«ttU-tfjR^tf¥##a«±K7WttK:«SraiE5»J£ftT 

("T *fgi«©ffiifttt P-*f JlS?* 1 3fc7G. 2 #7Cfc:BB?iJ2 -frTi^S ©T 20 

) , ^*©^?^ ffl V> It T \s<< tcifc^T , «fc D WB£HRlffifttt5Ue2f If 7" U'TftS^J: 

[0 1 8 7] 

*fc, If*3ll3ia«©fgB^T'«s ff^^l7bSlf^<^8©v>-rn^-«^l2«c©®fi^ 

^ssttu-if^?, m &m 9 TijMit i i © v>-rn^-^tciB«©ffi^i^ u- 

1f * 5? a - ;l/ , £ fc tt , Iff * ^ l 2HHl©i%3t^-f TU-r^lt^ntt^i: t^rf 

[0ffi©fsmfc§ii$i] 

[01]Bfgftb-+Pjfl?©-jlSlft:&ifi?«$£^^0T-;&£c, 30 
[02] HI l ©£J6JBIB©iBfSftU-'tf* : P©3i l ©Hte#l£^-r0T-fc£ o 

[i3i st 1 (Dm&BM<Dft¥£y6u — *fm : ?<om 2 ©ifti^^tif $> & „ 

[05] ^2©^fig^^©®^^^--tf*?©^2©MftM^^-r0T'fe^o 

[06] ^2©SISi^S©®fl7tlx-+i-"^?©^3 Oltt0l%it@tS2i o 

[07] £3©|liS^JB©ffiS8}tU — *f*?©^l©^f*ff!l*^ , *"BITfcS 0 

[08] Sil3©^l&^©®fgftP-^lg?©lg2©Jlte#J*^1-0T-;&& o 

[09] ?g4©ilSiffiJfS©®fgftU-+f«?©fgl OlftM^StlT^S. 

[01 0] m 4 <Dnm&m<DW¥£yti' — j >fm : ?cD3z 2 (DMf*-m**-?mT*$> z> e 

[01 l]^5©^BE^^©®f6^U-if'«?©Rft:^J^^-r0T'$»^ o 40 
[0 1 2] Jg6©«M©ffif§ftU-^«?©Jlte0J£^ir0T&So 

[01 3] m 7 ©nsfijgfii©®fg^u--tf^?©^ i oiftM^itat s ^ o 

[0 1 4] M7©|gifcJB«l©iBf6^U-1f3R ; F©S2©«i*fla*^-rHT?feSo 
[0 1 5] l9©ISSiliDI%^U-f I?©i«^^^tit'fe5o 

[01 6] mi o (DmMmmvffiMKu-^m^iDmi&Mtt^-rmT* & % o 

[01 7] 01 6 ©ttJSfc gJa A i: jSR B £^3. T # 6 ft 5 M jffi A /«8K B IC «fc 

s^tts^©^{b*^^-0T-s^o 

[0 1 8] £ 1 l©^MIg©SQ?gftU-^m?©mj£0O£^^0T£3 o 

[01 9] ^^mcom^^u-^m^^^m t lx m^rcyt&m-y xy- j^comi&m^^-r 
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[0 2 3] mmm3 ©I^)tU-fI?*itET-fe5. 
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